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'  The  approach  has  beer,  to  study  molecular  systems  which  exhibit 
unusual  spectroscopic  behavior,  ir.  the  hope  that  they  may  lead  to  novel 
techniques  for  jpconvertir.  g  laser  frequencies.  We  here  a.so  stuc.es  novel 
methods  of  laser  spectroscopy  and  wavelength  stabilization. 


1.  Two-Photon  Transitions  in  Molecules 


Previous  work  in  this  area  has  been  summarized  in  our  Annual 
Progress  Reports.  The  general  aim  has  been  to  understar:  the  strongly 
enhanced  two-photon  transitions  observed  in  diatomic  alkali  molecules,  in 
order  to  explore  their  usefulness  for  lasers.  These  transitions,  can  have 
strengths  nearly  as  great  as  for  allowed  si-gie-pr.otor.  transit; .ns  when 
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there  is  a  very  near  coincidence  cf  the  laser  frequency  with  an  allowed 
transition  to  an  enhancing  level.  Thus  one  can  use  visible  light  to 
obtain  large  numbers  of  highly  excited  states  of  the  molecules.  However, 
because  of  their  symmetry,  molecules  excited  to  these  states  cannot  make 
direct  transitions  to  the  ground  electronic  level  in  homonuclear 
molecules  such  as  Na,.  We  have,  therefore,  studied  tr.e  mixed  alkali  vapor 
of  Na  and  K,  and  have  detected  two  types  of  two-photon  transitions. 
Using  a  continuous- wave  narrowband  dye  laser  tunable  from  570  to  584 
nanometers,  two-photon  transitions  m  NaK  free  of  Doppler  broadening  have 
been  observed.  Five  Doppler-broadened  transitions  were  also  detected, 
and  are  ascribed  to  two-photon  hyb-id  resonances  involving  the  photolysis 
of  K,  and  a  subsequent  transition  1-.  the  excited  K  atom. 

We  have  also  used  spectroscopy  or  fluorescence,  resulting  from  two- 
photon  excitation,  as  an  aid  in  identification  of  two-photon  transitions  in 
Na,.  Several  methods  were  introduoed  and  used  to  identify  the  transitions 
and  analyze  the  spectra.  Using  these  metnods,  the  -::er  level  rotational 
quantum  number,  ene-gy  and  elect- ;nic  character  c: d  be  determined 
without  any  assumptions  about  the  state  to  wnich  tr.e  „pper  level  belongs. 
Twenty-nine  two-poct or.  transitions  .ere  observed  an:  analyzed.  f  these, 
^8  could  be  fitted  t:  tne  Dunham  -  -  atior.-vibration  . :  nstants  of  t-e  lIg 
(3s  ♦  5s)  state.  Since  the  waveir-.gths  of  these  c.».  transitions  were 
measured  more  accurately  than  t“:se  in  previous  st  .dies  using  pulsed 
lasers,  improved  values  of  the  -  am  coefficients  for  that  state  could 
be  derived.  Tr.ey  we-e  m  good  ag-  «ment  with  the  •. -..je?  obtained  from 
the  best  pclanzat.  -  labeling  exp  - - . menls. 
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2.  High-Contrast  Saturation  Spectroscopy  for  Optimally  Thick  Samples 

Doppler-free  saturation  spectroscopy  in  the  regime  of  strong  pumping 
intensities  and  optically  thick  atomic  samples  was  Investigated 
experimentally  and  theoretically.  It  was  shown  that  a  high  signal-to- 
background  ratio  can  be  obtained  and,  at  the  sane  time,  subnatural 
line-widths  can  be  reached.  It  was  also  shown  that  further  contrast  and 
linewidth  improvements  can  be  obtained  by  supplementing  the  primary 
depleted  pumping  beam  with  a  second  pumping  beam.  By  using  the  signal 
beam  from  a  first  setup  as  the  pumping  beam  for  a  second  identical 
arrangement,  extreme  values  for  contrast  and  linewidth  should 
be  obtainable. 
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by 

Professor  Theo  W.  Hansch 

In  May  1986,  T.  W.  Hansch  left  Stanford  University  in  order  to  accept 
a  new  appointment  as  Director  at  the  Max-Planck  Institute  for  Quantum 
Optics  in  Garching,  Geraany,  and  as  Professor  at  the  University  of  Munich. 

His  research  progran  in  the  Department  of  Physics  at  Stanford 
University  has  since  been  carried  on  by  three  graduate  students  and  two 
visiting  scientists: 

Raymond  G.  Seausolell,  received  P.o.D.  Winter,  1987 

David  H.  McIntyre,  to  receive  the  Ph.D.,  June,  1987 

Gregory  M.  lutler,  to  receive  the  Ph.D.,  June,  1987 

Dr.  Bernard  Couillaud,  Coherent,  Inc.,  Palo  Alto,  C A 

Dr.  Ihristopher  J.  Foot,  Clarendon  Laboratory,  Oxford,  England 

Tne  following  papers  acknowledge  ONR  support,  and  have  been 
published  or  submitted  since  January  1986: 


VOLUME  33.  NUMBER  3 
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I  Ultrakigh*  resolution  two- photon  optical  Ramsey  spectroscopy  of  an  atomic  fountain 

It.  O.  Beauaotdl  and  T.  W.  Hinsch 
Department  of  Phpakt,  Stanford  Unioemty,  Stanford,  California  94 JOS-2 196 
(Received  19  September  19033 

W«  pt— I  •  aamidaasicsl  analysis  of  ahrabigb-raaolutiou  two- photon  optical  Ramsey  spectros¬ 
copy  of  cold  neutral  stoats  falfaag  freely  in  a  fountain.  Coueidaring  atoms  winch  interact  with  the 
saaw  standing  wave  laser  field  twice  on  their  parabolic  trajectories  and  averaging  over  a  broad 
atomic  velocity  dielfibntioa.  we  predict  a  nearly  Loren Utan  line  shape  wbaee  width  h  just  the  natur¬ 
al  hnewidth  We  have  iaveetigatad  a  number  of  systematic  corrections  to  the  atomic  raeoaance  fre¬ 
quency.  including  first -order  and  second-order  Doppler  shifts,  gravitational  rad  shifts,  and  ac  Stark 
shifts.  Pint-order  Peppier  shifts  due  to  vortical  motion  naaral  even  if  the  oounterpropngating 
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Continuous-wave  second-harmonic  generation  as  a  surface 

microprobe 

G.  T.  Boyd  mad  Y.  R.  Show 

Deportment  of  Physics.  University  of  CaUfontm.  Barkmky.  Catifomm  04T30 

TWHMsads 

Deport  me  nl  of  Fkyim.  Stanford  University  Stanford.  Californio  NWS 
Receded  October  22.  198S  accepted  November  26.  ISSS 

We  demonstrate  that  monolayer  detection  by  opucsJ  second  harmonic  eenerauoa  m  possible  even  with  a  20  mW  r» 
diode  Imor  Using  a  focused  Manning  laser  beam  we  also  demonstrate  a  new  method  of  monolayer  surface 
microscopy.  Tbs  same  ripen  menu  suggest  the  possibility  of  an  optical  monolayer  memory  device 
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Measure  ««nt  of  the  15-25  Frequency  la  Atenic  Hydrogen 

E  A  Hildum.  U  Boesl.'*'  D  H  McIntyre,  R  G  Beeusoleil.  and  T  W  Hinsch 

Department  of  Physics.  Stanford  University.  Stanford.  California  94  JOS 
(Received  24  October  ISIS) 

We  report  on  a  Oral  precise  measure  me  nl  of  the  15-25  energy  interval  in  atomic  hydrogen  Ob¬ 
serving  ihe  15-25  transition  in  an  atomic  beam  by  pulsed  Doppler- free  two-photon  spectroscopy 
end  using  an  interferomcirically  calibrated  absorption  line  of  '*T«,  at  416  nm  as  the  reference  we 
measure  the  frequency  /( 15  251-2466061395  6(4  1)  MHz  Using  the  calculated  l5Lamb  shift 
we  obtain  a  value  for  the  Rydberg  constant.  109737  31492(22)  cm*',  which  is  not  in  good 
agreement  with  the  most  recent  previous  measurement 
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HIGH  RESOLUTION  LASER  SPECTROSCOPY  OF  ATONIC  HYDROGEN 

R.G.Beausoleil,  B.Couillaud,  C.J.Foot,  T.W.Hansch 
E.A.Hildum,  and  D.H. McIntyre 

Abstract 

Although  spectroscopy  of  hydrogen  has  played  a  central  role  Ir.  the 
development  of  atonic  theory  and  quantum  mechanics,  the  resolution  of 
optical  spectral  lines  remained  limited  by  Doppler  broadening  to  about 
one  part  in  10*  until  1971.  Since  then,  methods  of  Doppler-free  laser 
spectroscopy  have  achieved  major  improvements.  Thanks  to  recent 
experimental  advances,  the  rate  of  progress  has  quickened  dramatically  in 
1985,  promising  unprecedented  opportunities  for  precision  measurements  of 
fundamental  constants  and  for  stringent  tests  of  basic  physics  laws. 


REFERENCE:  proceedings  of  the  International  Laser  Science  Conference, 
Dallas,  Texas,  November  18-22,  1985 


THE  HYDROGEN  ATON  IN  A  HEN  LIGHT 

T.W.Hansch,  R.G.Beausoleil,  U.Boesl,  B.Couillaud, 

C.J.Foot,  E.A.Hildum,  and  D.H.McIr.tyre 

Abstract 

It  is  well  known  that  lasers  and  coherent  light  techniques  have 
revolutionized  high  resolution  spectrsocopy.  Today  we  have  at  our 
disposal  a  powerful  arsenal  of  techniques  which  can  overcome  the  Doppler 
broadening  of  spectral  lines,  achieving  ever  higher  spectral  resolution. 

At  Stanford,  we  have  long  been  fascinated  by  the  prospects  of  applying 
such  tools  to  atomic  hydrogen.  As  the  simplest  cf  the  stable  atoms, 
hydrogen  permits  unique  confrontations  between  experiment  ar.d  quar.t  jm 
electrodynamic  thec^y.  After  briefly  reviewing  past  spectroscopic  studies 
of  hydrogen,  we  will  report  cn  some  recent  experimental  advances  wnich 
have  opened  tne  dco r  to  dramatic  future  improvements  in  resolution, 
creating  unprecedented  opportunities  for  precisic'  measurements  :f 
fundamental  constants  and  for  stringent  tests  of  basic  pnysics  laws. 


REFERENCE:  in  Methods  of  Lase-"  Spectroscopy,  edite:  by  Y. Prior 

A.Ber.-r.eu ven,  and  X.Rosenbluh  (Plenum  F-clisning  Gorp.,  ‘  9 36) 

HIGH  RESOLUTION  LASER  SPECTROSCOPY  OF  ATONIC  HYDROGEN: 
ADVANCES  AND  PROSPECTS 


T.W.Hansch,  R.G.Beausoleil,  B.Couillaud,  E.A.Hildum,  and  D.H.McIntrye 

Abstract 

Recent  advances  in  high  resolution  laser  spectroscopy  cf  the  simple 
hydrogen  atom  promise  exciting  new  opportunities  f:r  tests  cf  funda-ental 
physics  laws  and  for  precisic-  measurements  of  the  Rydberg  constant,  the 
photon/electron  mass  ratio,  and  the  charge  radii  :f  tne  proton  a-  : 

deuteron. 


REFERENTE: 


in  Pro :e°dings  cf  the  Workshop  on  FunJa-.entsi 
Muor.  ?ry3los;  At'.ms,  Nuclei,  and  Particles, 
Los  Alamos,  NM,  January  20-22,  1986. 
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Absolute  calibration  of  the  ,J0Te2  reference  line  for  positronium  1  JS|-2  JS|  spectroscopy 


D.  H.  McIntyre  and  T.  W.  Hansch* 

Department  of  Physics t.  Stanford  University.  Stanford.  California  94305 
(Received  II  July  1986) 

We  report  on  an  interferometric  frequency  measurement  of  the  ,x>Tej  absorption  line  which  has 
been  used  as  a  reference  in  Doppler-free  two-pboton  spectroscopy  of  the  positronium  I  S,-2  Si 
transition  The  measurement  relies  on  a  comparison  with  a  nearby,  previously  calibrated  line  of 
,wTe2.  The  result,  616803545.98(71)  MHz,  lowers  the  observed  value  of  the  positronium 
I  JSi-2JSi  interval  to  1 233607 142.9(10.7)  and  lessens  the  agreement  between  theory  and  experi¬ 
ment. 


Optical  Rydberg  Transitions  Following  Electron  Capture  Into 
Slow,  Highly  Ionised  Neon  Recoil  Ions 

L.J.  Lembo,  Ch.  Stoller,  K.  Danzmann,  W.E.  Meyerhof,  andT.W.  Hansel^8) 
Department  of  Physics,  Stanford  University,  Stanford  CA  9*1305 

R.  Gerson 

Hamamatsu  Corporation,  Middlesex,  N.J.  088A6 


Abstract 
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Emission  spectra  in  the  visible  and  near  ultraviolet  have  been  observed  for 
transitions  between  Rydberg  states  of  highly  charged  neon  ions  (NeQ*  with  q-9 
to  5),  following  electron  capture  from  Na.  Structure  appears  in  those  spectra 
for  which  the  incoming  ions  carry  L-shell  core  electrons.  Together  with  data 
from  polarization  studies ,  these  spectra  reveal  the  influence  exerted  by  core 
InterActions  in  electron  capture  processes. 


REPERENCR:  Phys .  Rev.  A.  (submitted  for  publication) 


(Submitted  to  Physical  Review  a  -  Rapid  Commuaicatioaa) 


INTERFEROMETRIC  FREQUENCY  MEASUREMENT  OF 
A  >*«Te,  REFERENCE  LINE  FOR 
MUONIUM  15-25  SPECTROSCOPY^ 

D.  H.  McIntyre  and  T.  W.  Hinsch* 

Department  of  Phytic*,  Stanford  Uaiveraity 
Stanford,  CA  94305 

ABSTRACT 

We  report  on  an  interferometric  frequency  measurement  of  a  1,rTe, 
absorption  line  which  can  be  used  as  a  reference  in  Doppler-free  two-photon 
spectroscopy  of  the  muonium  15-25  transition.  The  frequency  of  this  444  nm 
1J0Tea  transition  is  determined  with  a  precision  of  I  parts  in  10**  by 
comparison  with  a  previously  calibrated  *»*Tea  line  near  446  am. 


CONTINUOUSvWAVE  MEASUREMENT  OF  THE  15  LAMB  SHIFT 
IN  ATOMIC  HYDROGEN*, 


R.  G.  Beausoleil.W  D.  H.  McIntyre,  C.  J.  Foot,!*) 

E.  A.  Hildum.W  B.  CouilUud.W  and  T.  W.  HlnschW 
Department  of  Physics.  Stanford  University 
Stanford,  CA  94305 


ABSTRACT 

We  have  determined  the  15  Lamb  shift  in  atomic  hydrotea  with  a  precision  of 
2  parts  in  10*  by  measurins  the  frequency  of  the  15-25  transition  ebaerved  by 
continuous-wave  Doppler-free  two-photon  spectroscopy.  We  employ  an 
in terfero metrically  calibrated  absorption  tine  in  >**Te,  as  our  reference  and  obtain  a 
15-25  interval  of  2  466  061  413.4(1.5)  MHz.  Choosing  a  value  of  the  Rydberg 
constant  measured  independently  by  high  resolution  spectroscopy  of  the  hydrogen 
Balmer-5  transition,  we  find  the  15  Lamb  shift  to  be  I  173.3(1.7)  MHz,  in  good 
agreement  with  the  thgoretical  value  of  t  172.94(9)  MHz. 
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Section  1 
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Introduction 

This  is  the  final  report  for  the  ONR  contract  spanning  the  period  from  1  April  1978 
to  31  March  1987.  The  overall  theme  of  this  contract  has  been  on  studies  of  the  physics 
and  technology  of  extreme  ultraviolet  (XUV)  and  soft  x-ray  lasers  and  devices.  Much  of 
the  work  has  centered  on  methods  for  the  production  of  core-excited  metastable  atoms 
and  ions;  and  on  the  use  of  these  atoms  and  ions  both  for  new  types  of  spectroscopy  and 
for  new  types  of  XUV  lasers.  . 

This  has  been  an  extraordinarily  productive  period.  Particular  highlights  of  the  work 
during  this  period  include:  The  invention  and  demonstration  of  the  anti-Stokes  radiation 
source,  the  use  of  laser  produced  plasmas  for  creating  high  density  of  metastable  species, 
and  the  proposals  of  both  metastable  transfer  and  Auger  lasers. 

In  recent  weeks  we  have  demonstrated  a  109  nm  laser  with  an  output  of  about  20/z  J 
in  a  beam  with  5  mRad  divergence. 

Section  2  of  this  report  lists  the  highlights  of  the  work  during  this  contract  period. 
Section  3  lists  the  names  of  students  who  have  received  their  Ph.D.  during  this  period. 
Section  4  gives  a  bibliography  of  publications  which  have  resulted  from  this  contract. 

We  note  that  much  of  this  work  has  been  jointly  supported  by  contracts  with  the 
Army  Research  Office,  the  Air  Force  Office  of  Scientific  Research,  the  Strategic  Defense 
Initiative  Organization,  and  the  Lawrence  Livermore  National  Laboratory. 


Section  2 


Summary  of  Principal  Contributions 


Highlights  of  our  work  in  the  areas  of  core-excited  spectroscopy  and  lasers  include: 

1.  The  anti-Stokes  radiation  source  was  proposed  and  analyzed  in  the  context  of  a  two 
photon  blackbody. 

2.  This  radiation  source  was  used  to  take  the  3 p  absorption  spectrum  of  neutral 
potassium  at  a  resolution  of  about  2 cm"1,  which  is  the  highest  resolution  reported 
for  these  features. 

3.  This  source  was  also  used  to  produce  a  600  ps  pulse  of  (incoherent)  56.9  nm  radiation. 

4.  The  class  of  quartet-doublet  laser  systems  was  proposed;  the  emission  spectrum  of 
neutral  Li  (near  20  nm)  was  taken,  and  the  quartet  and  doublet  manifolds  of  Li  were 
experimentally  connected  for  the  first  time. 

5.  First  microwave,  and  later  hollow-cathode,  technology  was  used  to  produce  metastable 
populations  and  to  demonstrate  several  new  types  of  core-excited  spectroscopy.  In  one 
of  these  experiments  the  Grotrian  diagram  of  core-excited  Na  was  defined  for  the  first 
time. 

6.  The  laser-produced  plasma  method  of  creating  high  densities  of  core  metastables  was 
proposed  and  demonstrated. 

7.  A  new  dichroic  beam  splitter  was  invented  by  R.  W.  Falcone,  and  tested. 

8.  The  method  of  core  excitation  by  x-ray-produced  electrons  was  proposed  and 
demonstrated. 

9.  The  ideas  of  shake-up  and  super-Auger  lasers  were  suggested. 

10.  A  novel  longitudinal  pumping  geometry  was  suggested. 

11.  The  quasi-metastable  concept  was  suggested  and  verified  in  several  experiments. 
Recently  it  has  been  used  to  form  the  basis  of  entirely  new  type  of  XUV  spectroscopy, 
which  provides  an  unprecedented  capability  for  the  measurement  of  XUV  levels  and 
autoionizing  times. 

12.  We  have  demonstrated  a  109  nm  laser  with  an  output  power  of  about  20/zJ  in  a 
5mrad  divergence  beam.  The  laser  is  based  on  an  Auger  process  in  neutral  Xe  and 
uses  a  novel  type  of  traveling  wave  laser  produced  plasma  excitation. 


Section  3 
List  of  Students 

The  students  who  have  received  their  Ph.D.  during  the  course  of  this  period  are  listed 
below: 


W.  R.  Green 

March  1979 

J.  C.  White 

April  1979 

J.  H.  Newton 

September  1979 

G.  A.  Zdasiuk 

December  1980 

M.  D.  Wright 

March  1981 

J.  R.  Willison 

May  1982 

J.  E.  Rothenberg 

October  1982 

J.  C.  Wang 

March  1984 

D.  E.  Holmgren 

October  1984 

K.  D.  Pedrotti 

December  1985 

A.  J.  Mendelsohn 

May  1985 

P.  J.  K.  WisofF 

June  1986 

D.  P.  Dimiduk 

October  1986 

vx* 
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Ve  have  coexisted  an  extensive  study  of  the  scattering  of  off  the 
flat,  close -packed  Ag(lll)  surface.  Ve  Measured  not  only  the  rotational 
population  of  the  scattered  N^,  but  also  the  alignMent  as  described  by  the 
quadrupole  and  hexadecapole  aonants  of  the  3  distribution,  denoted  by  A^^ 
and  A^?  respectively.  Ve  have  perforaed  several  unique  aeasureaents  in 
the  field  of  gas  surface  interactions:  this  is  the  first  tine  a 
polarisation  study  has  been  perforaed  on  any  aolecule  except  NO;  this  is 
the  first  tiae  an  A^^aosmnt  has  been  Measured,  and  this  is  the  first  tine 
the  polarization  has  been  recorded  as  a  function  of  the  incident  gas  energy 
or  the  surface  temperature.  In  addition  to  the  experimental  work,  we 
developed  the  theoretical  framework  required  to  extract  the  polarization  of 
using  2+2  multiphoton  ionization  (MPI). 

The  experiaental  setup  is  conceptually  quite  simple.  Nitrogen  is 
expanded  from  a  free  jet  in  order  to  create  a  aonoenergetic  beam  of 
in  its  lowest  rotational  states.  This  beaa  is  directed  at  a  Ag(lll)  surface 
which  has  been  sputtered,  annealed,  and  checked  for  cleanliness  and  crys¬ 
tallographic  integrity  using  Auger  and  LEED  spectroscopies.  The  energy  of 
the  beaa  can  be  varied  either  by  heating  the  nozzle  or  seeding  the  in  a 


lighter  |M,  iwh  M  M  or  The  ii!m  aurfac*  is  apontwl  on  s 

aeaipelator  which  si  loos  us  to  *iry  its  tewperature  sod  gaowatric 


orisntstion  with  rsspoct  to  th«  incidoot  bo  so.  Tho  boss  scatters  off  tho 
surf  scs  sod  crostos  is  high  rotstioosl  ststos;  tho  scottorod  bo  so  is 


intercepted  by  tho  focus  of  s  frequency -doubled  TAG* 


dye  loser.  Tho 


N2  is  state  selectively  ionised  using  2+2  HP  I  end  is  detected  using  a  tloe- 
of -flight  oass  spectrooeter .  In  addition  to  scanning  the  dye  laser 
wavelength  to  record  the  population  of  different  rotational  states,  we  can 
vary  the  direction  of  the  linear  polarisation  vector  of  the  loser  bean 


using  a  double  Fresnel 


and  record  the  ionisation  probability  of  a 


single  rotational  state  as  a  function  of  the  polarisation  of  the  laser. 
These  two  SMthods  allow  us  to  record  both  the  population  and  el ignoent  of 
the  Nj  scattered  off  the  silver  surface. 

Our  first  experinental  finding  is  that  the  rotational  distribution  of 
the  scattered  N2  is  very  sinilar  to  that  of  NO  off  of  Ag(lll)  except  for  N2 
the  high  energy  rainbow  is  ouch  sharper  at  low  energies.  This  is  on 
inportent  result  because  the  rainbow  features  in  the  NO  experinent  have 
been  attributed  to  a  head-tall  anisotropy  in  the  NO*gas  potential  in  which 
the  N  end  is  considered  to  be  attractive  and  the  0  end  repulsive;  obviously, 
this  is  not  a  viable  explanation  for  the  data. 

He  also  deternined  that  the  scattered  nitrogen  srolecules  in  high 
rotational  states  are  very  polarised  with  their  angular  sooentuo  vectors 
lying  parallel  to  the  plane  of  the  silver  surface:  the  eolecules  cartwheel 
(tunble)  across  the  surface.  In  our  first  experinents,  we  deterained  the 
polarisation  of  N2  by  cosq>aring  the  intensities  of  two  different  rotational 
branches.  This  uethod  works  quite  well  when  the  anlecules  are  100% 
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polarised  bacausa  with  this  assumption  it  ia  reasonable  to  assume  a 
relationship  between  A'*;' and  A'*?  In  our  most  recent  experiments  we 
determined  the  alignment  by  directly  varying  the  polarisation  of  the  laser. 
The  allows  us  to  determine  accurately  the  polarisation  of  the  lower 
rotational  states  which  are  only  slightly  aligned.  Our  findings  are  quite 
fascinating;  the  lowest  rotational  states  have  their  angular  amentum 
vectors  pointing  toward  the  surface  normal:  the  molecules  spin  on  the 
surface.  The  highest  rotational  states  have  a  delta  function  for  their 
distribution  of  angular  momentum  vectors:  they  are  100%  polarised  and 
cartwheel  across  the  surface.  Ve  could  only  determine  that  this 
distribution  was  a  delta  function  by  independently  meesurlng  A^and  A1’*' 
using  our  new  technique. 

The  interpretation  is  a  simple  one:  for  a  flat  rigid  surface,  the 
forces  are  directed  along  the  surface  normal,  causing  a  torque  to  be 
exerted  on  the  anisotropic  N2  projectile  so  that  it  rotetes  with  its 
angular  momentum  at  right  angles  to  this  force,  i.e.,  with  its  angular 
momentum  lying  in  the  plane  of  the  flat  surface.  The  surface  scattering 
process  acts  si  an  N  state  selector! 

Ve  determined  the  polarisations  and  rotational  populations  as  a 
function  of  beam  energy  and  surface  temperature.  Vhile  the  surface 
temperature  did  not  significantly  affect  the  scattered  distribution,  the 
beam  energy  had  two  pronouced  effects.  Increasing  the  beam  energy,  raises 
the  quantum  number  of  the  high  energy  rotational  rainbow  and  increases  the 
number  of  rotational  states  which  are  100%  polarised. 

Presently,  we  are  trying  a  completely  new  technique  to  measure  the  in¬ 
plane  forces  which  the  scattered  molecules  experience.  If  there  are  corru- 
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gat  ions  or  frictional  forces,  tha  scattarad  nitrogen  aolecules  should  hava  a 


nat  hellcity  (spin),  i.e.,  thay  will  tand  to  rotata  clockwise  versus 


counterclockwise.  Whan  a  football  is  thrown  at  high  spaed  and  lands  on  a 


grass  field,  it  alaost  always  tuables  in  tha  direction  thrown;  wa  want  to 


deteraine  if  an  analogous  aechanisa  is  operating  in  our  systea.  If  this 


axperiswnt  is  successful  (our  recant  results  are  quite  encouraging),  it 


will  yield  a  profound  insight  into  how  energy  is  transferred  between  gases 


and  surface  electrons  via  "frictional  forces."  As  fi 


know. 


theoreticians  have  always  neglected  this  effect,  and  this  aay  be  a  serious 


oversight.  Ve  have  already  developed  the  theory  required  to  analyse  these 


aeasureawnts  of  aolecular  orientation  (net  helicity)  using  24-2  MPI . 
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